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Precision determinations of neutron total cross sections on nuclear
targets in the 30 GeV/c to 300 GeV/c range have recently been reported.(l‘
We have performed a similar set of measurements in the M-3 neutral beam of
the_fermi National Accelerator Laboratory using the standard good geametry
transmission technigue. A novel featiire of the experiment was the method
employeé for neutron detection. A 0.25 inch thick Pb neutron "“converter”
was placed in front of a high resolution forward V-spectrometer. The
spectrometer was triggered on the coherent dissociation of the neutron into
a pﬂ- system (V), produced in the reaction n + Fb + (pﬂ‘) + Pb, and pro-
vided us with excellent positional and energy—meaguring capablility for
transmitted neutrans.‘z, We measured the rate of V production with and
without a nuclear transmission target located -200 meters upstream of the
spectrometer; the ratio of these yields, normalized by an independent beam
monitor, was used to determine total cross section for neutrons on specific
targets.(3)

Our spectrometer enabled us to measure the momentum of each detected
V to +1% accuracy; we therefore obtained directly the momentum dependence
of the total cross section for each target element. Furthermore, the
excellent spatial resolution (~% 0.03 om) of our neutxon detectér was a
valuable asset in Paking corrections for those neutrons which undergo small
angle séattering in the transmission target but still strike the Pb con-
verter and yield detectable V's. We found that the aggolute corrections
for such small-angle scatters never exceeded one half the statistical
error on the measured cross sections. We have investigated other possible
sources of systematic error and believe that our total cross section
determinations constitute measurements which are effectively model independent,

and limited only by statistical uncertainty.(4)
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The results of our measurements are presented in Fig. 1 9qd tabulated

in Table I. The data points on the figure are our measured values; the
cross-hatched region represents previously published results in this enerqgy

(1)

regime, (The limits of the cross-hatched region correspond to *1
standard deviation variations from the measured values.) The solid curve
summarizes results at lower energies. The two high energy measurements
appear to be in good agreement for Pb, but display systematic dissgraement
as the atemic number decreases. (We can provide no obvious explanation

for this small but significant discrepancy; if the method of correcting
for small angle scattering were at fault, the disagreement would be expected
to be most pronounced for large A.) One effect of the disagreement between
the two experiments is that if one chéoses to parameterize the A dependence
of the neutron-nuclear total cross section UT(A) in the form UOAU, then our

Vv values are systematically larger than those reported in ref. 1.‘5) Another,

perhaps more interesting, consequence is that while the qualitative agreement

between the data and Glauber theory (including inelastic screening) rennlns.{ll
the quantitative levei of this agreement is worsened.

We thank J. P.DeBrion, D. Chaney, R.Lipton, P.Mihlemann and H.Scott for
assistance in the running of the experiment. We also acknoweldge the excellent

support of P.Koehler and the staff at the Meson Detector Laboratory during

the execution of the experiment.

Table I
Neutron-Nuclear Cross Sections
Momentum Range Cross Section {mb)
(Gev/c) Carbon Aluminum Copper Lead

30 - 80 336 £ 9 645 * 23 1268 * 36 3087 t+ BB
80 - 130 319 + & 603 + 14 1167 ¢ 22 2830 ¢ 53
130 - 170 323+ 5 623 & 12 1206 * 19 3037 £ 47
170 - 200 309 £ 5 588 + 12 1181 2 19 2963 + 48
200 - 220 3123+ 6 607 + 14 1204 + 23 2953 + S6
220 - 240 312 + 6 611 * 15 1238 + 23 2944 t 57
240 - 260 326 *+ 7 620 * 16 1272 * 2§ 3063 t 62
260 - 300 320 * 7 631 *+ 17 1200 + 27 2982° % 67
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The neutral beam cont#ined minor components of Y, l(: a;nd n. The

Y's were effectively removed using a 2 inch thick Pb filter.
Corrections due to l{ and n contaminants were negligible because of
the nature of the detection scheme. This point will be discussed
more fully in a forthcoming publication.

A more complete discussion of the experimental details is being
prepared for publication. For a preliminary presentation of these
measurements, see P. Slattery, Proc. of APS/DPF Meeting at Seattle
{1975}, H. Lubattl (ed).

The average value of V i ~0.78 near 30 GeV/c: in excess of 30 GeV/c,
v falls below 0.77 for the data of reference (1}, and rises to 0.79
for our data. Although small, these differences are statistically

significant.

fiqure Caption

Neutron-nuclear total cross sections measured in this experiment.
The cross-hatched region represents the previously available data
in this energy regime (ref. 1): the curve sumuarizes lower enexgy

results.
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